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Abstract 14
Observations of peroxynitric acid (HO 2 NO 2 ) and nitric acid (HNO 3 ) were made during a 4 month 15 period of Antarctic winter darkness at the coastal Antarctic research station, Halley. Mixing ratios of 16 HNO 3 ranged from instrumental detection limits to ~8 parts per trillion by volume (pptv), and of 17 HO 2 NO 2 from detection limits to ~5 pptv; the average ratio of HNO 3 :HO 2 NO 2 was 2.0(±0.6):1, with 18 HNO 3 always present at greater mixing ratios than HO 2 NO 2 during the winter darkness. An extremely 19 strong association existed for the entire measurement period between mixing ratios of the 20 respective trace gases and temperature: for HO 2 NO 2 , R 2 = 0.72, and for HNO 3 , R 2 = 0.70. We focus 21 on three cases with considerable variation in temperature, where wind speeds were low and 22 constant, such that, with the lack of photochemistry, changes in mixing ratio were likely to be driven 23 by physical mechanisms alone. We derived enthalpies of adsorption (ΔH ads ) for these three cases. 24
The average ΔH ads for HNO 3 was -42±2 kJ.mol -1 and for HO 2 NO 2 was -56±1kJ.mol -1
; these values are 25 extremely close to those derived in laboratory studies. This exercise demonstrates i) that adsorption 26 to/desorption from the snow pack should be taken into account when addressing budgets of 27 boundary layer HO 2 NO 2 and HNO 3 at any snow-covered site, and ii) that Antarctic winter can be used 28 as a natural "laboratory in the field" for testing data on physical exchange mechanisms. 29 30 31 32 33 34
Introduction 35
Peroxy nitric acid (HO 2 NO 2 , also written as HNO 4 ) and nitric acid (HNO 3 ) are acidic gases that are of 36 increasing interest to polar tropospheric chemistry. Their primary relevance is that they act as 37 reservoir species for HOx and NOx, which are now recognised to drive the surprisingly vigorous 38 oxidation chemistry that has been observed during Antarctic summer (e.g. Davis et al., 2001; Chen et 39 al., 2001 ). The spatial and temporal distribution of HO 2 NO 2 and HNO 3 across the polar regions thus 40 becomes important for understanding the overall atmospheric chemical system, and models require 41 details of their sources, and any physical exchange process by which they move from one 42 environmental compartment to another. Currently, many of these details are unknown. 43
The gas-phase chemistry of HO 2 
CIMS instrumentation 103
The CIMS instrument used in this study has been described in detail elsewhere (Buys et al., 2013 showed that, although the range of mixing ratios at South Pole in summer were considerably higher 163 than observed at Halley during the winter (<5 to 54 pptv for HO 2 NO 2 , and <5 pptv to 68 pptv for 164 HNO 3 ), the variability observed in both species during the measurement period was, again, highly 165 coupled. 166
The timeseries presented in Fig. 1 To probe in more detail the response of HNO 3 and HO 2 NO 2 to changes in temperature, we examined 212 periods in the data where ambient temperatures changed, but where wind speeds were relatively 213 low and invariable. By adopting this approach, we minimise any influence that air flow through the 214 snow (e.g. via ventilation/wind pumping) may have on air/snow exchange processes. We derive a 215 mixing diffusivity to determine the timescale for vertical mixing (via turbulent diffusion) between the 216 snow surface and the CIMS inlet height, in order to confirm that the CIMS HNO 3 and HO 2 NO 2 217 observations can be used to analyse processes occurring at the ground-level air/snow interface. The 218 mixing diffusivity is roughly equal to k.z.u * , where k = von Karman's constant (=0.4), z = CIMS inlet 219 height (=5 m) and u * , the friction velocity, is derived from the sonic anemometer data (Stull 1988 conditions for validating such laboratory-derived physical air/snow exchange parameters under 254 "real-world" conditions. 255
At equilibrium, the partitioning of HO 2 NO 2 or HNO 3 molecules between the gas phase (C g ) and the 256 snow/ice surface (C s ) can be expressed as: 257 ; for HO 2 NO 2 , this ratio is 1000 to 10,000. As a result, for both 267 HNO 3 and HO 2 NO 2 , exchange between the air and snow will thus have little effect on C s , which can 268 therefore be considered as a constant relative to C g . 269
If we also assume that, over several hours, and under low and constant wind conditions, the 270 concentration at our inlet tracks the concentration in the firn, then: 271
It is then possible to derive ΔH ads from the slope of lnC g vs 1/T multiplied by R. 272
For the Halley data, Figure 7 shows plots of both ln(HNO 3 ) vs 1/T and ln(HO 2 NO 2 ) vs 1/T for the time 273 periods discussed in section 3.3 above. As a reminder, these periods are characterised by 24-hour 274 per day darkness, low wind speeds, and limited vertical mixing from turbulent diffusion, so are as 275 close to laboratory conditions as could be found in our dataset. They were also chosen as they 276 spanned a reasonably large temperature range, which would improve the constraint on the linear fit. 277
The values of ΔH ads derived from these fits are given in The Antarctic, during winter, is an ideal natural laboratory for studying physical air/snow exchange 294 processes. The environmental system is considerably simplified compared with other times of the 295 year because of the lack of photochemical activity which must otherwise be taken into account 296 when interpreting data. 297
In our study, we considered whether adsorption/desorption of HNO 3 and HO 2 NO 2 to snow/ice 298 surfaces could be invoked to explain our observations; we did not consider formation of solid 299 solutions from solid ice, or take-up to liquid NaCl aerosols. In a follow-up study that further analysed 300 our field data, Bartels-Rausch (2014) considered both the case of Langmuir adsorption to the ice 301 surface, and solubility in ice forming a solid solution. He found that equilibrium air/snow partitioning 302 was able to describe our field data well, both in terms of absolute mixing ratios and trend with 303 temperature. He also found that the reservoir of adsorbed HNO 3 and HO 2 NO 2 in the upper snow 304 pack was sufficient to fuel the observed emissions. In contrast, while calculations based on 305 reversible solid-solution/air partitioning were able to describe mixing ratios of HNO 3 , they were not 306 able to reproduce the observed trend with temperature. Further, the reservoir of HNO 3 in the outer 307 part of the snow crystals was too small to explain observed increases in mixing ratio. Fig. 6, 
